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Learning points

Data standards: Data standards are a fundamental building block in
harnessing the potential of big data.

Pediatric-specific challenges: Pediatric cancer presents unique challenges
and is lagging behind, in large part because of the lack of pediatric-specific
data standards - particularly clinical data standards.

Consensus: Defining and maintaining data standards require deliberation,
debate, and consensus from across the pediatric cancer spectrum and
medical specialties.

Ecosystems and collaboration: Harnessing the potential of big data requires
an ecosystem of federated systems that can work together to advance the
cause.
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A Perfect Storm:

Rare diseases, siloed data, and manual processes
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Pediatric cancer is a rare disease

18 million new cases
of cancer worldwide
every year

° 224,000(1%)
' are children

Sources: Globocan 2018 (adult), Ward 2019 (pediatric)
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https://gco.iarc.fr/today/data/factsheets/populations/900-world-fact-sheets.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1470204518309094?casa_token=Y0Ibw9PEMpQAAAAA:Ftljz0TndxZQRoi74a980w5N1_Nd0oliutnSNLQf8TjI8gUDrqd5sI1IPqEAQ8czf3FHM1-e

Ultimately, this is what we’re trying to fix
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Current state: Lack of standardization
Ways that age is expressed in the Gene Expression Omnibus (GEO)

age age [y]
Age age [year]
AGE age [years]
‘Age age in years
age (after birth) age of patient
age (in years) Age of patient
age (y) age of subjects
age (year) age(years)
age (years) Age(years)
Age (years) Age(yrs.)
Age (Years) Age, year
age (yr) age, years
age (yr-old) age, yrs
age (yrs) age.year
age(s) TSI age_years
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What is a data commons?

Clinical data
Genomic data
Biospecimen data 7 5
q .
Analytics tools

Researcher can use and
analyze all data right in
the commons

Researcher puts

patient datainto
commons

Researcher puts lab
data into commons

Researcher puts genomics
datainto commons
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What kinds of research can a commons enable?

?

il i >
6666 mskece.org : :

e Validating consensus staging
definitions across trials

e Validating prognostic scoring
systems

e Enhancing risk stratification

e Correlating biomarkers with clinical
outcomes across trials

e Understanding impact of dose
modifications across trials

e Performing patterns of failure
analyses

e Examining toxicity prognosticators
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Macmillan Cancer Support

e Prognosis of rare subgroups

e Age-related differencesin
therapeutic response

e Survivorship studies

e Disparities analyses
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Essential elements for building 4 commons

CONSORTIUM SCIENTIFIC GOALS
building trust between groups why build it? what data to include?
—  DATA GOVERNANCE DATA DICTIONARY
—v  publication policy, approving data use _ A everyone speaking the same language
DATA TRANSFORMATION AND AGGREGATION FUNDING
43 statisticians and data scientists $ building and sustaining the commons
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Our first commons (2015): Neuroblastoma

INTERNATIONAL NEUROBLASTOMA RISK GROUP (INRG), 2004

I

Children’s Oncology Group (COG) Germany

Eeimae 27 7 T Ty i -

TOtaI 8800 [ar 108 " 6 H i H s i 1 s 1 1 s 1 6 8 o o o 1 1 1 ©° s s 8 1
The good news: 8800 patients The bad news: datain Excel
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Neuroblastoma data commons - Cohort discovery

Cohort Search
Patients in INRG datab 121813
Add afilter: - Please select - v Clear Filters l . Patients matching filters: 21813
- Please select -
oA Tinor ey e 15475
Primary Tumor-Thorax 15k
Race -
Revised INPC Prognostic Group/ Shimada Diagnostic E 10k
Category :‘
Site of Relapse
= Sk 3742
ime from Dx to Death or Last Contact sis4
Time from Dx to Event or Last Contact - 442 .
Year of Diagnosis Ok -
CoG Germany Japan SIOPEN
Asgharzadeh GEO data - Note! External Data
GEO Data - Note! External Data « V\\
GWAS Data - Note! External Data . =y i
Imaging Data - Note! External Data q_i___;;
Nationwide Tissue Bank - Note! External Data <—
Nucleic Acid Data - Note! External Data ———
TARGET Data - Note! External Data €——— | EXte rnal data
Publicly available at http://inrgdb.org/
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Imaging data

EQ%‘ National Cancer Institute

Imaging Archive

Return cases that include: -
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Visualization and analytic tools

Visualization
Strata ~~ ethnicity=0 ~+ ethnicity=1 =~ ethnicity=2
Survival time limit (in years): 0 - 10 -
1.00
Event Free/ Overall Survival: Overall Survival v
Select a factor variable: Ethnicity v
Select a stratification variable: - Please select - v 075
s .
=
F
[
& 0%
Cohort selection criteria: g
2
@ Hispanic/Latino
INSSStage: A
Stage 4 0.25 Not Hispanic or Latino
p <0.0001
Unknown
0.00
[ 1 2 3 4 5 6 7 [ 9 10
Time (year)
Number at risk
e 3755 2801 1967 1462 1092 818 604 419 256 143 0
S
B ethnicity=1 405 302 225 168 127 89 7 50 34 14 0
7}
e 1981 1567 1085 808 626 504 382 270 159 87 0
[ 1 2 3 4 5 6 7 8 9 10
Time (year)
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Consensus-based

decision making and data sharing
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International Soft Tissue Sarcoma Consortium
(INSTRuCT)

¥
a

Cophenhagen Chicago Amsterdam Tubingen Utrecht Prague

May 2017 October 2017 March 2018 September 2018 December 2018 May 2019
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Data dictionary development
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Data dictionary development
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Balloting a consensus data dictionary

Case report Multiple data Common data Harmonized case
forms dictionaries dictionary report forms

COG
MMT
Disease e ==
o _> 7
consortia e

EpSSG T

EpSSG COG CWS
MMT AIEOP

AIEOP

New data flow easily
into the commons

Harmonize
completed trials caDSR
u;in_g new > NClt
dictionary Data standards resources
are updated
Data commons
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Data standards example

Neuroblastoma stage

1=Stagel Stage 1 C85417 The tumor is confined to the original site of growth; no
2 =Stage 2a Stage 2a C85418 The tumor is unilateral and the resection is grossly incor
3 =Stage 2b Stage 2b €85419 The tumor is unilateral and the resection is complete or
4 =Stage 3 Stage 3 €85420 The tumor extends across the midline and the regional
5 =Stage 4 Stage 4 C85421 Tumor spread to distant lymph nodes, bone marrow, b
6 =Stage 4s Stage 4s €85422 Patients are less than one year old with localized primar
9 = Unknown Unknown C17998 Not known, not observed, not recorded, or refused.
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Pediatric Cancer Data Commons

Expansion
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Guiding principles governing the PCDC

1 OUR GOAL 4+ REPRESENTATION
is to lift barriers and connect on the Executive Committee from
researchers to data every disease group

> STAKEHOLDER APPROVAL s RECOGNIZE REGIONAL
for data release from any disease DIFFERENCES

commons Privacy and data sharing laws vary by

: CONTRIBUTOR APPROVAL e
for data release from the original
contributing group
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An integrated pediatric cancer data commons

/ Clinical Data \

PCDC Data
AML DIPG / o . [

[ AL ] [] [ s ] [] [W] | _Cveremars | Platform Ceareha
g s s - | visualizations
| Retinoblastoma ' ' '

GCT HL NBL STS ........... I . . . . . .

MaGIC NODAL INRG INSTRUCT ' m . I
| . Biobank Genomic
maging data data NOTE: The PCDC can house the clinical data or

link to clinical data housed in other databases.

Other commons
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PCDC progress to date

DATA DATA
STAKEHOLDERS DICTIONARY CONTRIBUTORS CONSORTIUM CASES IN ANALYSES PAPERS
ENGAGED ESTABLISHED COMMITTED MOU SIGNED COMMONS IN PROGRESS PUBLISHED
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ACUTE MYELOID LEUKEMIA

i

BONE TUMORS
CNS EMBRYONAL TUMORS
DIFFUSE INTRINSIC PONTINE GLIOMA

GERM CELL TUMORS

®© ©
e © ©o0 O
ms © 06 O

HODGKIN LYMPHOMA

NEUROBLASTOMA

SOFT TISSUE SARCOMA

000000000
© 0 606 \N\NON
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Integration with national efforts
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NCI Cancer Research Data Commons ecosystem
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CENTER for
CANCER DATA
HARMONIZATION

Center for Cancer Data Harmonization (CCDH)

e Facilitate retrospective and prospective
semantic harmonization of data across

[ ]
g .
nodes of the CRDC ~
Elastiz-q WorkSPHCes/

Compute

e Coordinate the community to ensure S | Q/
. . . DatlalModefIs&
implementation of standards that will e S
facilitate interoperability of

Cancer Models

Clinical Proteomics Genomics Imaging  Immuno-

heterogeneous data types and CRDC
resources

Find agreement across the
communities built around CRDC

o match and extend data models
o annotation, harmonization

o quality assurance

Oncology
Data Commons Framework

G, @ O A

APls Web Da_ta‘ Tool Authentication
Authentication v Interface Submission Deployment & Authorization

& Authorization

D ya &
Biomedical - Computer Patients
Researchers Scientists . . .
Tool Clinicians
Developers

Data Contributors and Consumers

Credit: Allen Dearry
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Closing Global Gaps in

Pediatric Cancer Survival
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Research to date does not benefit all children equally

North America Europe
6.8% of childhood cancers 10% of childhood cancers

o da

80% of children with cancer
diagnoses live in low- and
middle-income countries

. Eastern Asia

12% of childhood
ﬁ} cancers

Northern Africa
5.2% of childhood
cancers

l South-Eastern Asia
9.6% of childhood cancers
4.

Mexico, Central

Research to date does not
capture diversity of the
global population

cancers

Western
Asia
5.4% of childhood

&
cancers E\\) Oceania
South-Central Asia "N~ 0.6% of childhood

21% of childhood cancers
cancers \
Southern Africa
18.6% of childhood /

[ 4
cancers

Source: J Clin Oncol. 2015 Sep 20; 33(27): 3065-3073

7] THE UNIVERSITY OF PEDIATRIC CANCER Transforming the Way Researchers Share Data 3 @PedsDataCommons
& CHICAGO -
L DATA COMMONS October 21,2020 - http://sam.am/CAC2-2020 http://commons.uchicago.edu


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4979198/#

Survival rate disparity

Five-year age-standardized net survival (%) for lymphoid leukemia

Western Europe
Oceania

North America
Northern Europe
Southern Europe
Eastern Europe
East Asia

West Asia

Latin America

Southeast Asia

Africa
40 45 50 55 60 65 70 75 80 85 90 95
5-year survival (%) circle size indicates number of cases
https://canceratlas.cancer.org/the-burden/cancer-in-children/?figure-chart=7WPF5EPc
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Opportunities for the PCDC to close global gaps

COntinue to promote and Pediatric Blood & Cancer
Incorporate consensus data ONCOLOGY: RESEARCH ARTICLE
The prognostic strength of serum LDH and serum ferritin in
Standards development gIOba"y children with neuroblastoma: A report from the International
Neuroblastoma Risk Group (INRG) project
R e C e nt i m p a Ct : Veronica Moroz, David Machin, Barbara Hero, Ruth Ladenstein, Frank Berthold, Paige Kao, Yaa Obeng,
Andrew D.J. Pearson, Susan L. Cohn, Wendy B. London i
. . First published:30 May 2020 | https://doi.org/10.1002/pbc.28359
o INRG -recent publication
Conclusions

o MaGIC - working with
LDH and ferritin are strongly prognostic in NB, overall and within high-risk NB patients
researc h ers treated post-2009 with modern therapy. LDH and ferritin show promise for (a) identifying
ultra-high-risk; (b) refining risk stratification; and (c) clinical utility in low-/middle-income
countries. Routine collection of LDH and ferritin should be reinitiated for evolving NB risk
stratification.
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Targeting Survivorship
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Survivorship

« A barrier to studying survivorship and long-term outcomes is access to
longitudinal data

« PCDC is working with various stakeholders to create better ways to
collect data on survivors

- Potential novel data collection methods include crowdsourcing

« Along-term outcomes/ survivorship data commons is an essential
component of our pediatric cancer strategy
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Take home points

« Studying pediatric cancer requires collaboration and sharing
- Data sharing needs to be built on a foundation of trust and consensus
« Connecting disparate data types and sources enriches research

« Consensus data standards are critical for the success of national and
international data ecosystems - allowing aggregation across trials and
diseases

- Early adoption of data standards and consideration for the lifecycle of
the datais critical to accelerating progress and discovery
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The Pediatric Cancer Data Commons team
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